Direct comparison of experimental and calculated folding free energies for hydrophobic deletion mutants of chymotrypsin inhibitor 2: free energy perturbation calculations using transition and denatured states from molecular dynamics simulations of unfolding.
Previous molecular dynamics (MD) simulations of thermal denaturation of chymotrypsin inhibitor 2 (CI2) have provided transition-state models in good agreement with experiment. Unfortunately, however, the comparisons have been necessarily indirect. The simulations have provided detailed structural information but not energetics, while from experiment, structure is inferred from a ratio of free energy changes upon mutation (Phi values). Here, direct comparison with experimental free energies is obtained by performing free energy perturbation calculations of hydrophobic deletion mutants of CI2 using transition- and denatured-state structures from various denaturation MD simulations. The agreement between the calculated and experimental DeltaDeltaG and Phi values is quite good (R = 0.8-0.9). In addition, given the availability of realistic atomic models for the denatured protein, the common approach of using small peptides to represent the denatured state in stability calculations can now be evaluated. To this end, two different extended tripeptide models were used: one using the sequence from the protein with the residue to be mutated in the center and the other with this residue surrounded by Ala residues. The results for the two peptides agree neither with one another nor with the different full-length denatured-state models, which do provide results in good agreement with experiment. This finding is noteworthy because the denatured state of CI2 is very disrupted with little residual structure, such that the peptides might have been expected to serve as reasonable models. Overall the calculations presented here validate our previous MD-generated transition- and denatured-state models and therefore the simulated unfolding pathways and their relevance to refolding.